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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve luminous 
efficiency and luminance by forming a structure by 
holding at least one layer containing one or more kinds 
of bisnaphtho[1 ',8':5,6,7]-s-indaceno[1 ,2,3-cd:1 \2',3'- 
c',d']benzo[1 ,2-k:4,5-k']difluoranthene derivatives 
between a pair of electrodes. 

SOLUTION: This derivative has a framework expressed 
by a formula and is structured by substituting a 
predetermined halogen atom group, alkoxyl group, aryl 
group or the like for one or more out of 30 hydrogen 
atoms, and an organic electroluminescent element using 
it for its luminescent layer emits red-colored light that is 
high in luminance and excellent in durability. A layer 
containing the derivative contains a luminous organic 
metal complex including aluminum and the like or a 
triallylamine derivative and may have a hole 
injection/transfer layer and/or an electron 
injection/transfer layer between a pair of electrodes. If 
the luminescent layer is formed by combining it with 
another luminous ingredient, white-colored light that is high in luminance and excellent in 
durability can be also emitted. 
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6,7]-s-^y^-fey[l I 2,3-cd:l',2',3'-c',d') ^VV" 
[l,2-k:4,5-k']^'7;^7yxy!^#:&^ ; 5r< 1 1> 1 
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6,7]-s->fy^-fey[l P 2,3-cd:l',2',3'-c'd']^yV(l, 
2-k:4, 5-k' ] ^'7/^7 yT>im#Z'J?%< t i 1 M 

imng2 ] t'Xi-7 h (l',8' :5,6,7]-s-^f Vf^J 

mxh & mm. 1 „ 

[II*II3 ] Ml', 8' :5,6,7]-sM 

(l^^-cd^^^'-c'd'j^yy'U^-k^.s-k']^^ 
>T>wm*&%< 1 *> 1 ®^rr -sji#. $ & 

^3£ttW«£Sm££^!>if*ijf 1 * fcti 2 IE* 
[ff£Jf4 ] fc*^-t7 h (l',8' :5,6,7]-sM 



(l,2,3-cd:r,2',3'-c'd'jA:yy'a,2-k:4,5-k')y7^ 

i ti^ii 5 1 -mmmmiz . § k , ie[i±Aift3M 

ii^^-i>ff*Jll~4^V^*H=IS»c7)^8«^ 

[ it *if 6 ] -n^mmmiz , $ ^ s^&Afro* 

H £^Tt£ If *if 1 ~ 5 cov vf ti*H:IBtt(7)^«€^ 

] \fXi-y h [1" ,8' :5,6,7]-s-W V^-fe/ 
(l^.S-cdil'^'.S'-c'd'J^yya^-k^.S-k']^^ 

^7yfyi«ft^'-M ( 1 - a) ati ) vmti 




(*K x : -^x^iZtiftiMtfLtz&mm?* ^ny 

srrss. x 7 tx 24 . i3j;t/'x 9 tx 22 iisv«^ 

[0001] 
[0002] 

-y ? 7 >f h 3r **jVW3tU b L Tffiffl § fix # >t 

«EL*^) tfm&Ztlfc CAppl. Phys. Lett.,. 51 s 
913 (1987) ) . ^««^3t«^i±. ®3tttWk^ 

lltlMtW^iViETL (*-/M £&ALT. 

?)W<ti<nm£.x\ imtttHKh*). tizmmm 
ik&facomiZMSi't&zb izx <o . mz. 
a\ wfe. Hbfe) con^b^ig-cfes. -roid 



m^m^m^mmmmztix^z . 
[0003] mmm^^t^b ix. mi 

myx hfc&fo ( b ) t ixm^mwmft 

fflta&rtfW&ZtlX^h CJ.AppI. Phys., .65 . 361 

0 (1989) ] . ttz. mtmtLx. mm. fx (2 

-^f;i^-8-^yyy7-h) (4-7x^7x7 
7-b) r^s-^A^^xh-ft^, r^'JK^f 

* (Mllf. N-^^P-2-^ h*isT?V Ky) & 
TV^S (ff|fl¥8-6 787 3^#) . L*»LW 

m^mw mitxn. -mwmmzmtf^mm^ 
[0004] *m\<n-&m%&3m=?-fcgkhvx-T7 

h[l',8':5,6,7]-s--f y^"-fe7[l,2,3-cd:l' ,2' ,3'-c' 

dlKyy'{i,2-k:4,5-kli;y}i<7S-7 yy-ymmikt L 

XIZ. 4, 7, 9, 12, 19, 22, 24, 27-^" 

(4' -Kfy/P7x~/k) t'Xf7Ml', 
8' :5,6,7]-s->f (l,2,3-cd:l' ,2' ,3'-c'd']Ky 

V (1 , 2-k : 4 , 5-k ')y7;W7yf >-#'*0 V ^ [ 
iH\ Angew. Chem. Int. Ed. Engl. ,.36 5 1996 (1997) 

fcrfEKSflT^S;) o L*»L. Angew. Chem. Int. Ed. 

Engl.,. 36 . 1996 (1997) £ti. IMb^^S-f^ 
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[0005] mmm^ <ti>i m&#t& m*\ s h \zwu&m 

mmmmix o t-tmm] ^wmmmit. m&B&fazts-Gth® tins* mmmmm^ytm 

•?&ZbT$>&. • K'Xf7h(l',8':5,6,7)-s-f V?*.J [1,2,3-cd: 

[0006] r ,2' .B'-c'd'xyya^-icis-k'i^/i/jr^yfv 

0) -*ftf)Mgfc, h*^-f 7 h [1' ,8' :5,6,7]-s->f V? IB® -® ^ vf'ilMClE®«»m^^S^ 

^y(l,2 ) 3-cd:l',2',3'-c'd')^yv"[l,2--k:4,5-k')^ • -*ttf>MSKs S&fcl. m^&AfftMJl^-f £ M 

&< t t-)S^tT^I>»m^3tS-f. ® W7h(r,8':5,6J]^ y^-tr 7 (1,2,3-cd: 

® K'X-f7h(l',8' :5,6,7)-s-^y^-fey [1,2,3-cd: 1' ,2' ,3'-c'd']<yy'(l,2-k:4, 5-k') y'7/W7yfy 

r,2',3'-c'd'Kyy"(l,2-k:4,5-k')y7/^7yfy SS^fl-flMK^ ( 1 -A) (ft2 ) -CfSSflSft^frC 

i mn^mmsm* . \mtz> i> ^x% s . 

® h^t7Kl',8':5,6,7)-s-' f y^'-fe 7 [1,2,3-cd: [0007] 

l',2',3'-c'd')'syyTl,2-k:4 ! 5-k')y7W7yfy [ft 2] 




>mt. mm. ftt$.£fdmm7/^;im. mm. # 

i^.ttz\m:\f.^T)V3^^mh^\mmttz\i^.mm [0009] ^m^zmh^xi-y nr :5,6,7)- s - 

CDTV-^m^mi. X, ~~X 3Q fyt,mi$tllKmzM ^y^ya,2,3-cd:l',2',3'-c'd';Kyy[l,2-k:4,5 

m~t&m. x v tx u ^ &£x/x s tx 22 i±K^zm^ -k')y7/^7yfyiift (UiT\ *^w^i.ft^ 

uc, affiiLT^s^s^ fcftt. a^t/s(4*sm ftAtffl&iat-i> ) -s^ ( 1 ) (ft3 > t-h§:?x£ 

^«Ii^Ilffi]Kii^ffMLT^T i> ) -t^^^-rSft^ft^ a^fc^T'-^ 0 , HRjC ( 1 ) T- 

[0 0 08] ^^^-l.'tfStii, S^gaSfc^l/OvctJ;^ 

mmcommcoBM] ar. *mumixmmizmw mi<&. hie* < 1 - a) (ft3 ) -c^s^sft^ 

f'X-7-7h[l',8':5,6,7]-s-^y^y(l,2,3-cd:l', [00 10] 

2' ,3'-c'd' )<yy"(l,2-k:4, 5-k' ) y'7/W7 ^r^SS [ft3 ] 
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(5£4». Xj ^X 3l) li%ti?tl&±lZ7mM=F. Any 

mtz nmtf&Tjuz* , umt tz ittmm&r u 

-^*£HU Xj ~x 30 ^Stmi,5W=llirfi, 

x 7 tx 24 . a^x 3 kXtti&Ewzm&bx. 

mMLX^hmMW^bMz^ mmttzli^Sm^m 

[ooin ( i - a ) xmtiMksmzsi^ 

X, Xj ~X 30 ii-eit^tUBtil:*«Jl : F, ^n^'yJS 
7, Ell. *Hg*^(iS^T;^;«. SiJL fl-HS* 

i^BHS-rsS. x 7 fcx 24 . isi^Xg tx„i±iu 
*g^^*Sjt:M5»^?fM IX wc t =fc t >£lt 
7i-;H, ^ 7 ^/«& Mi. 

[0012] HRsS ( 1 - A ) TaSftSft-^fWriJ^ 
T N i"91ifSL<{4. Xi ~x 30 i±7j<*Jg^. Aoyy 

jsfp, M*si~2 4ioiSii, trntMifflknTfr* 
^f^s. $>hummm4^2 4cDWMitzit5kw.mco 
[0013] -jRsC ( i-A) Ktstt*. x x ~x 30 ^ 

*1-)Vm. XtS^S. n-7°nt7l^ -fVTnhVP 
X. n-7*f7U*. -fV7"-f;l/S. sec -7"t^S. te 

rt-7'^-;l/S, n-^yf-A-X, y^y^X. ^ 
^y^/HE s tert-^y^A-X. n-^y/t/X. 1- 
^f-;^yf-;PS, 4 -y*^- 2 -^yfv^X. 3, 
3-i>'^^-;l/7'f-;l/S. 2-xf-/iy/f-/UX. n-^.7° 
-fyi/X. 1 -y^l/'VSfy^X. y^n^y;^^-;!/ 
X. n-:*?f-;l/S, tert-^TSO-X. l-y^/t^ 
T-?yi/X. 2-xf-/l^fy;l/X„ 2-7°nh°;l/^.yf- 
;PX. n-y~/i/X. 2, 2-»f;K7f/«, 
2, 6-^^-4-^;^ 3, 5, 5-HJ 
^TS'L-'V^y/PX. n--fy/i/X. n-^yfy/H, 
l fvt-f S-^X. n - Kfy/Hs n - h y r>;i/ 
X, l -^>-;l/ / v.7°f-;WS. n-f b7fy/H> n 
-^y^-f'y/WX. n-'V^-ifry/l-'X. n-^vT^T 
y;l/X, n-yj-^^rV/lxS, n-x4 3y;H N n- 
MJrjy/kX. n-rf73y/H, y^n^y^yy 
X. yy-n^y^X. 4 -^f-zyy? n^y^l/X. 
4 - tert - 7"f-;U y 7 a ^ y ;yX . y y* n ^7°^;!/ 

[0 0 14] mUi. ^N^yX, if^yt n-7° 



n*°3-yX. ^ym*°dfyX. n-7>JfyX. >fy 

7>dfyX. sec -7>^yX, n-^y^/M-^y 

X, ^^y^-;l/^yS. yyn-^yfvy^yX, 

n-^y;M-^yX. 3, 3 -^^7"^^^ 
X. 2-xf-;lx7'f-;^^fi/S. y^n^yM^fy 
X. n--\7°f-;^^fyS. n-^7f-/M-^yS, 2 
-X^/y^y/M"^ i^X. n-y^;^yl, n- 
fy/myl> n-vyr'y/M-^fyX. n-Kr'y 
/l/^^X. n-bU-fy^lyt^y-X. n-f b^r^ 
jvttism. n-^y^r'y/M-^yX. n-^W 

fy>V^ym. n-i^y/^i/i, n-hUa 
y/l/^yX, n-T-N73^^i/S^^cOEiI, 

[0015]Wi.(i\ 7i^/H, 2-^f/l/7x-/l/ 

3- y<f-;l/7x-;yS. 4-^f;P7x-/H, 3 
-xf^7i^iH, 4-xf;t/7x-/t/S, 4-n- 
7°nh7I^7x-;I/S. 4--f V7nt/l'7x-nl, 4 

- n - 7"f-;i/7 x 4 - y 7'^-;l^7 x 

4 - ter t - 7"^ 7 x . 4-n-^yf/l/7x- 

4--f y^.y^-;k7x^;PS. 4-tert-^yf- 
;l/7x-/«, 4-n-M^7x-;«, 4-y^ 
□^y/l/7x-/l'S, 4-n- / \7°f-;1^7x— 
4-n-jf^f-;l/7x^;l/S, 4-n-y^;k7x-;l^ 

4- n-fy^7x^;H, 4-n-7yfy/l'7 

4-n-f"fy;l/7x- 4-n-rh 
^fy^x-zH, 4-n-^^-)f"r'y;l/7x— ;u 

4-n-^^f^7x-;H, 2, 
;Ix7x-/PS. 2, 4-y7f^7x-;H, 2,5- 
^f/P7x^H. 2, 6-y'7!f^7x-;H, 
3, 4-W^7x-M, 3, 5-yyf^7x- 
3, 4, 5-f'JW7x-/H, 2, 3, 

5, 6-- t b7^<f-;i/7x-;us. 5--fy^-;i/S, 

1, 2, 3, 4-fh5hHn-5-t7f;WS, 1, 

2, 3, 4-f b7tKn-6-t7f;«, 2-y<h 
*l/7*-)VMk. 3-y<bdr^7x-;^S. 4-^<b^ 
y7x-;H, 3-Xh^7x-/t^ 4-XKy 
7x-/H, 4-n-7*n^y7x-;H, 
7n^y7xX/H, 4-n-7>^fy7x-/«, 
4-^fV7'Hy7x-/H, A-xi-^y^-!V^xy 
7x— 4-n-s\^i/)lJr^i/~7 x.-}]/^. 4- 
y?n^y;^^y7x-;H, 4-n-^.7°-f-/^ 
3^7x-;l/4. 4-n-^?f/^y7x-/^ > 
4-n-/x;l/t3ry7xX/l/l, 4-n-r'y^^ 
y7x-;H s 4-n-7yfyWy7x-;H, 
4-n-h"fyM :3 fy7x^;H, 4-n-fh5f 
i/;Wy7x-;PS, 4-n-^-tfrV/^ d r^7 
x-ivm. 4-n-t;^fy;my7x-;« 1 

[00 16] 2, 3-yyh^y7x^H, 2, 4- 
i/'^b^i/7x-/H, 2, 5-^h^y7x^t/ 
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3, 4-^>^f-/7i-;«, 3, 
>-7x-^S. 3, 5-x'Xhdf^7x-^S. 2-* 

-f/l/7x~/I^ 3-^b^y-4-^f;t/7x^ 

2-^^-;P-4-^ b^fi>7x-;PS, 3-.Xf-;k 
-4-^ h^ris? x.—!)^^ 3-M-JV-5-^Y^^ 
7x^;H, 2-7Wn7x-;H> 3-7Mn7 
4-7/^n7x-;H, 2-?on7x- 
3-;nn7x-/«, 4-?oo7x-iH, 

4-70^7x^1, 4-h'j7;Wn^f/l'7x- 
2, 4-y'7/Wn7x-/«, 2, 4-^?n 
U7x-/H, 3, 4-y^nn7x-;H, 3, 5- 
y^nn7x- 2-^f^-4-^nn7x-^ 
2-^nn-4-^f/l/7i^;H, 3-;on- 
4->f/l'7x-/H, 2-^nn-4-^h^y7x 

3- ^h^y-4-7/^n7x-;H, 3- 
^h= J fy-4-?nn7x~;H, 3-7;ktn-4- 
^ h^fi/7x-/I/S. 4-7x-;k7x-/H, 3-7 
x-;P7x-^S, 4- (4' -^f^7x-;H 7x 

4- (4' -^f^y7x-/k) 7x-/H, 

l--f7f-;l/S, 2-^7^;l/S. 4-^-?-;!/- l — f 
y^-ivm. 4-xhdfSy- i — fy^ivm, 6-n-7" 

M. 7 2-7U/I/S. 2 

-f-x^/Ug, 3— f-x~;U£ N 2-b°U^S N 3- 

t° y : J)vm, 4 - 1° y y^s& osss a fc{±*Egttf) 
Jtt±i«^^r;^/us, 1-20 comm., 

tt®£ fd±mtW 7;^JfyI. &5 WiflSggc 6-2 
Js« 1-16 ^giL tz\±Wfc<r)T)V*)Vm. 



h h \ ^i^si* 6-20 cowmt fdi&mmcDT u 

[00 17] Xi -X 30 (7)d%5V^fc[5Mf-ri> 

X 7 £X 24 . fci^'Xg tx 22 ii:5:v^«g^t-c. 

mMmwmitmfc i x & i < . m l < a, mm 
mm - 2 0 <oa#ia /i{i*g^^^s^^igffi^& 

[0 0 18] -®5$ ( l-A) fciJVvt. X 4 , X 7 , 

x 9 , x 12 . x 1 9 . x 22 , x 24 i5itfx 27 ##ag|£i~ 
16 comm. ^t.tziiWAf.c^riv^ivm. hh\^±m 
*i6-2 0 commt tz\i^m.m<^T y -ivmxh o . 

[0019] t* 

X-f7h[l',8' :5,6,7]-s--f yr-fe7[l,2,3-cd:l',2', 
3'-c'd')<yy'(l,2-k:4,5-k')>>'7;^7yf-yf^* 

^4--^ < t *> 1 affiffl^-s ; b mmx% o . m*. if , 

t"y^7 h (1' ,8' :5,6,7]-s->f [l,2,3-cd:l' , 

2' , 3' -c ' d ' )<> V(l , 2-k: 4 , 5-k' ] -JyiV^y >f ^St 

ftb&*&ir£xfflemmf&'?& b . mtmxmm 
[0020] *mik:&&4b&foAc?)Mwit lxh. 

Mtft. MTvXk&fa (^4~fk27) £^ff££i:# 

[002 1] 
[ft4] 
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[00 24] 



Ut7] 




n-CgH 17 n-C 8 H 17 



CioH^i n-CioH z1 



n- c io H zi 




n-C 1Q H 2 i i-Cio ;i 31 n -CioH 21 n-C 10 H ?1 



n-C 12 H 2s n-C 12 M 3s n-C 12 Hj 




[0026] 



n-C 12 H 25 n-C^Has n-C 12 H 2B 

Ut9] 
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e?H s oc a H s oc 2 h 5 c 2 :i 5 




n-c 4 :i 9 a o-n-c 4 H 9 

[0028] [-fell] 




n-e a H 17 0 n-C 8 K 17 0 O-n.C B H 17 n-C fl :i 17 -0 




n-C 10 H Z iO n-C 10 H 2 -|O O-n-C 10 H 21 a-n-C 10 H 21 

[-ft 1 4 ] 
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n-C 4 H 0 n-G 4 H 9 n-C 4 !l 3 




n-CgH-o n-CgHia n-CeHia n-CgH 13 
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Ut25] 
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[-fc2 6] 



(28) 
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(3) 



X28 




X17 Xib 

c±sw. x L ~x 30 (i-fl^ ( i-A) tntmrn 
[0047]^. -m: ( 2 ) ■emztiMt&faii. % 

il&Wjtfmy$fc C^Uif. Angew.Chem. Int. Ed. Eng 
1...36 , 1996 (1997) . Synlett, 75 (1994)tiaM« 

(<fc2 9) mSftSfl^fcHRsS (6) 
(<ffc2 9 ) Ta^ilS-fk^BJ. fcitfHRit ( 7 ) (-ft 

2 9 ) -cmtit 1 , 4 -^y^f- va ymmmimz 

[0048] 
[^2 9] 



(4) 





<5) 



(6) 



X 2 o X21 



X23 

C±iW. X 5 -X n> j3«£tfX 20 -X 26 {±-jK^ ( 1 

[ 0 0 4 9 ] H&3$ ( 3 ) j3 itf-flfcrt ( 4 ) T"?l 

mi. m^Jk^COUm Cfflxfcf. Chem. Rev., 65, 26 
1 (1965)tlB»^a] tftoTSBttS^fca^ 
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5. 

[oo so: m. ^wmzm^tsmA. mm. 

( i - a) xm^ti^t^m. m&iz* vjmmuz 
mm (mm. viv^y^mmmmt^mmm) 
t mmmmit&tfZLtzmxmmtiz> ztm&t>\ 
*w%mwm%-?mm?i<z\i. witi^i^ftA 

zbitTZi. *miiz&ite&®A. mm. — jk^c 
( i - a) -c^tis^^i*. ^iimi^sm^ 

mmwmtb^mmm. *>&\mztit><7ynm*m 
mix. imi^tz^kimm-t^^bimt 
zbxb&. 

[oo5i] imsft&mTii. mn. -ncommm 
t i i aof&mfr^^rrssBflBfc . & 

Afft3i^£- ^^SEft&AlfeiMJiii X V/& tz\m 
flRfcf. Mf^ffiffliTMfcim^IBl&A 

tuts. mMmmm&xxf/itz\±m?&xmm. m? 
Wimmt&mi&sfcte . ^m^uixmrnma 

?ZZbtfX*Z>. iotk. ^fciotli iE?L?±AH 

=f i-mm.com?) wm&b-t&z.bbx'**. ttz. 
m&xmm. m?^xmmmaxx/wm^^ 
ficomn. -mmmsh-yx^mmmxh^x^ x 

<. M±AffiIJl:k^«^±Afi1}MJi{4. ZtiZti 

[0052] *mi<vmR^%mF?\z&^x . 
mzmitsmAit. lEfi&xmmm. mtmtfz 
i±n?&xmms&wzm^z> z. t t>mt l < . ie?l?±a 

Rffltm-tzts^-a^ ^mmzffi&it^mA^ Mm 
[0053] *wm^mm^wmi-m$Lt tx 

li. mzW£t& t < . mm. ( A ) R|&/ 

!E?LaAftiSii/^Ji/m^aA«i3iJi/iiss«^ 

(01), ( B ) Rffi/jETL^AMlMa/SBfel/KSfll 

m«t (H2 ) . ( c ) ffi^?im/«?&A«5&JB 

/mmmm? (H3 ) . ( d ) nffi/^Jt/nffia* 

^ (H4) %b'Zmf&Zb&X'%&. $^d4. 

Ji£«mMft&ST^^^cD5g^T*s ( e ) 

^m/iEjimxmmM/m?mxmmm/^m/m? 
^xmmm/mmmm? ( m 5 ) i -ti z. 1 1, s . 

(D) S«SffltJ&t l/tte, ^fi!c*^-Jiff«— 



«4. mm. ( F ) !ETLaAlftiS^\ ^«b v iU 
VWaA«iii^^^§-it/i-Mff^JT--M^€ffi 
r^ft#§^M^S^ (136 K (G) OTiAMM 

ttmem? ( h 7 ) . ( h ) sBflfca* i 
vm^&xmmftZi^ztt-m&mx-ftcD'm 
mmm^ttzmm? (msymi. 
[0054] xmnm&fffimwz&^xii. z. 
ti^com?mmzm^^coxn^<. zti^wm^m 
?tz&^x. sEflmMmm. ^m. n^axmmm 
zm&mmmzr)^-&c\ktfx%&« tfz. zti&w 
mm?iz&\ ^x . jEfti&kmmm t wtm t <vmz . 

m t wf&xmmm t cormz , wtm t n^&xm 

w&mft&^v-mmi* ( a > mm^. (B)mm 

( c ) mmT. ( e ) mm*. ( f ) mm?. 
( g ) mm^ttziz ( h ) mmi-xfo o . § t>tzi&t i 
<n, (a) mm?. ( b ) mm?. ( c > mm?t?z 
(4(f) wm?xfc&« 

[0055] *mmmn%-%m?t ixn. mi 
i4\ (mi ) iztft (a) &m/jEfti&M&m/m; 
m/n?mxwm/mmmm?iz^xmmi-z> . 
mDiz&^x. nmm. 2i±mm. 3(±ie?l&a 
mm. 4{4^3ts. 5im?&xmm. ewm. 

7J4S{I£^Tf\ 

[0056] *%m^mm%-%im?\±. mm. i 
mtix^&z\tmitL<. mubixte. mwm 
-t&i> tfrcia&v ^. mm%\-> i^mmxh htxb t>m 

tl<. Milt. tfyXM. mWTyXj-v?is~-h 
(mill. ^'Jx^f/K ^"U^-^-h. -KVMV 

^v^i-i-y^b'co^-h) . ¥mmy?xi->y7^- 

h. 531. v?Z3>ZWtZ.tit> : S:&tth 

h\z. mmz. mm. ^y-y ^V9~m. 

m. mrnbmm&K&bitx . wt&* ^yvu~ 

)i-t&c\bi>x%h, 

[0057] iiffi2 b Lxn. tmm±mmmco±^\^ 
&m. ^tttt^wsm&mwmBbLxm 

{4. 0flx.tr. is. m. n^-^h. -v^iv. 
j^yWA. j^y-iyj*. 9y?x^y. m\m. Mit 
MMa. i to u yi^i, -Tjy- ***ri y) . a> 

'JW7iy, jKU t°n-;^^^W S ^ b WX% 

ztihnwmmii. m&xm%Lxhz.<. hh 
\mmmmLxhkw mm±. ztit><ommm 

mm. mmm. ? v yy-mmcD^mzx 
d . mmMzm^-t tc\b &x # s . ttz. wm±~ 



(32) 



fflffiW- 1 1-242995 



v\ itffi^y- vmmmi. mt<i&. &gn/n 

W.—mz^ 5-1 000nmiI, £<0H£L<1&. 
1 0~ 5 0 0 n mUmzt'k'S.-tt . 
[00 58] MiAfffiiMii 3tt. Hffi^^IETL (* 
^aA^^ICtSItL £iV'&A£ix^IE?L 

?L&Aift>iJii4 . & tt^ltj A ts i tz \t 

imwtxmmmm^i-^t^m mm. 7?n 

y m*$ik .KVy^-vyt-vy&x vzvffim . 
*° yf^7x y& «t v^«fi»#:, *° y - n - 
)W->mm%z) b & i fflfflv^TffM-f 

f 4 . #MT-ffiffl L T i> «fc < . ft h V ^iSSMjf ffl t T t> J: 
[00 59] *^HJ!^fcV^TfflV^ffi^iE7LaAfmiM« 

(Mm. 4, 4' -h'X(N-7x^-N- (4" 
-7^7l/7x^/W 75 7] b'7x-/k 4,4' -t* 
X (N--7x~/L--N- (3" -^f/l,7x-;H 75 
7) t"7x~/k 4, 4' -t'X[N-7i^;l/-N- 

(3" ™^F^y7x-/«757]t;'7i-/K 4, 
4' -fx CN-7x-;k-N- ( 1" 7 
57] fc*7x-;k 3, 3' -^'7f-;k-4, 4' -b* 
X CN-7x-;P-N- (3" -^f;P7x-/P) 7 5 
7) t'7x~/k 1, l-fXC4' — [ N , N-y* 

(4" -7-f-;k7x-;k) 757] 7x-/k] y^D\ 
9, 10-h'XCN- (4' -7^;k7x^ 
)V) -N- (4" -n-7*f;k7x-/l^) 757) 7x 
-^yhl^y. 3, 8-t'X(N, N-y'7i-^TS 
7) - 6-7x-;l/7xtyh'JyX 4-7^7k- 
N, N-b'X C4" , 4" ' -b"X( N ' , N' -$y 

(4-^f/l/7x~/k) 75 7} t'7x-/l/-4-^f 
AO 7-'JX N , N' -f'X (4- (y*7x-/k75 
7) 7x-/P) -N, N ' -y'7x^-l, 3-y"7 
570-tfy. N , N ' -b'X C4- (y"7x^;l/7S 
7) 7x-/H -N, N' -y'7x^-l, 4-y'7 
5y<y-b>. 5,5" -t'X C4- (b"X[ 4~7f- 
;k7x-/H 75 7) 7x-;W - 2, 2' : 5' , 
2" -^-W7xX 1, 3, 5-h'J^(y'7x^ 
;l/7 5 7 ) ^y-b > . 4 , 4 ' , 4 " - h U 7. ( N 
;kAVW/k) h'j7x^7Sy, 4, 4' , 4" -h 
>JX CN- (3" ' -7fVk7x-/k) -N-7x~/l/ 
75 7) t-y 7x^/1/75 >\ 4, 4' , 4" -)-yx 

CN, N-b'X (4" ' -tert-7"^;kf 7x-/P- 



4" " --f;l/) 757) hij7x-;k75y. 1, 3, 
5-F'jX CN- (4' -y'7x-;k75y7x~/l/) 

-n -7x^75 y^y-b'y^f) , rJW7xy 

i * tf>^*# . *° 'J - N - b'-/k# ;^ s'y-;Hf|# 

AHjM«t^^S^^^Wffl^l>«^. iE?L?±Afii 
jMil4'(;A*-5*^Jt«l»^ftA^M^i;. tit I 
<ii. 0. l~4 0fi*%gSfcPM^S» 

[0060] mm a a, iE?L^ ivm^^aAK. 
mm^-thitsm mm. 77 y vymmfa. 

9VYvWmfo. y>hh'nnen-;Hi#:, #Syy 
mm. ;k7Vy. 7yb7f y, rh7 
-fey, tvy, ^yiyy, 7'J-fey, f*y^yy, ^ 
n^-y, fh77x-^y^D^y^yxy, ^y^7 
x -;p^7n^.y7iyxy s 9, 1 0-y'7x-;l-7y 
b7fy. 9, i o-fx (7x-;kxf-/H 7yh 

7-fey. 1, 4 -fx (9' -Xf--;k7y h7-fe- 
;l/) \y^'y, 4,4' -fx (9" -x^--/k7yh 
7-fe-;k) t"7x-/W . hy7y-;k75yf^##: 

iMt&kzmfz>zb&-e$&) . ^m&mmfo cm 

m. hyx (8-^r7y77-N) 7;k5-'7A, f 

x(io-^yyM ^7y77-b)<y 2 
- (2' -t Fn^y7x-;t/) ^yy^-^-fy"-;!/^ 
ffiSBlg. 2 - (2' -bKn^f^7x-;k) Kyy'i-T 
V-Ilcom^ 4-b Yu^i/Tv" V i J>C0ffl&&. 

3- b Fn^y77^'yc0ffiifl^. 5-bKn^75 

#'y^<y u^jg, 5-t Kndfv77#'y«7;k5 

~^i,tg) s xf-;Kyf^##: CM^H\ 1 , 1 , 4, 

4- fb77x-;l/-l, 3-7'^y'xy, 4, 4' - 
fX (2, 2-y'7x-/l/t"^) t'7i-;k 4, 
4' -fX( (1,1, 2-hy7i-/H Xf-/W 

t"7x^) . ^vyyfi»#: CMlis\ 7^yyi. 
77ijy6, 7vyy7. ?vyy30, ^-?yyio 
6, 7vyyi38, ^vjyi 51. 7^'Jyi 5 
2, y"?y y 1 5 3, 7*?y y3 0 7. 7vyy3 1 
1. ?vyy3i4, ?vyy334, ?-?vy33 
8. ?vyy343. ^vyys 00] , t"7yiS# 

CM^H\ D CM K DCM2] . ^^VyW$W 

mm. t^/^7K) . <yyi-TY-Mmfo. 
Kyyjr**ry~)vwmfo. <yv'W s^YwPii 
fr s t^j/'yggs*. y--f^xxr;HH»*. jKU- 
n - \Z—)Vii>VJ <?/—)Vi5 coimi^ . #Vi-*y 
xyfcj;(/f«», ^'j7x-i/yfej:M^ 
tic, *°y7;k^yy&J;V^p##:. JKU^x-^y 
f - u y j3 i •€- coxitis , *° >J f 7 x - y y f - v y 
fej;t/^(7)!^#;, *°y7-7x-ixyf^iyy&J:y;' 
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^<bhl Wm^XBfctZ <! b AW S . 

^mmRmitmfte&^te. ^y&mz^mmut 

t<ii. o. 001-99. 9 99mM%mm, xm 
ti<a. o. 0 1-99. 99mm.%mm, 

£KIZ. 0. 1-99. 9SM%m£Wm?l. 

[oo6i] *mii,zi3\^m^&m<n&mm*Jrt 

^\ mtii. J- AppI. Phys., 65., 3610 (1989) . 
¥5-2 1433 2-f-^fgtcfBttOj; 5 fc. 3Bfcl£tf 

(Q) 3 -A 1 

(Q) 2 -A 1 -O-L 

(Q) 2 -A 1 -O-A 1 - 

[0063] ^mm^mm^mmb m 

a. h yx ( 5-yf-;t— yyx-M t/ps 
-^a, byxo, 4-^'y^;i/-8-^y yy^- 

yyy^-M t^s-^a. hyxu, 
/p-s-^y yyx-H r/i^s-^A, fx (2-y 

f;V-8-^/y/7-b) (7x77~h)7/^- 

>7A. fx (2-y^-8-^yyy5-h) (2- 
^f^7i77-h) t/ps-^a. fx (2-y-f;t/ 
-s-^yyy^-h) (3-y^7xy^-h) r 
fx ( 2-y^-;i/-8-^-y yy^-h) 

(4-^f^7x77-h) T^S-^A, t'X (2- 

y^-8-^y yy^-h) (2-71^7x75 
-H t/ps-^a. fx ( 2-yf-;i/-8-^y yy 

X~M (3-7x-/P7x77-h)7;^-'7A 1 
fX (2-^f;P-8-^y | J77-b) (4-7x- 
A^x/^-H T^S-^A. fx (2-y^-8 
-^yyyx-N) (2, 3-y^f^7x77-M 

T)V$.=S7J±. fx (2-yf-;w-8-^yyyx- 

V) (2, 6-yyf/l/7x77-l) 7;^-^A s 

fx ( 2-y-7^-8-3v yyx-M (3,4-^* 
y^7xyx-b) tvus-^a. fx 
-8-^yyy^-h) (3, 5-^^71/7- 



-iv-mymmm&xmtL^, -no*^ mtm 
Mitmmfoi hvrv -)vt 5 ymmmzttiz. 
-« ( 1 ) xmtizte&fo*. mL<iz. 0. 0 
oi-4oa*%ss. i<ii. 0. 01-3 

0fiM%@SL }#«?iL<U:. 0. l-2 0fi*%g 
[0062] ^H^fifis-f^Afcfifffl't&liBKtt^r 

ffikb l/Hi, Mitt* HKjS ( a ) — ffiiS ( c ) T" 

(a) 
(b) 

^t^M«i: 6-24 nm&m&zm-t ) 

(Q) 2 (c) 

b) t/i^s-^a, fx (2-y^-8-^yyy^ 

-h) (3, 5-^-tert-7'W7xy^-N) T/P 

s^a, fx (2-y^;i/-8-^y yyx-h) 

(2, 6-y7x-/V7xy5-b) T^S-^A. f 

x (2-y^-8-^yyy^-h) (2, 4, 6- 
hy7x^;i-7xyx-h) r/us-^A, fx (2- 
y^/t/-8-^y yyx-h) (2, 4, 6-hyy^ 

^7x77-M fx (2-y^-8 

-^yyyx-h) (2, 4, 5, 6-f-hx^^x 

x77-f) 7/1/S-7A, fX (2-^f-/W-8-^f 

yyyx-h) ( i-^-7hx-H t^s-^a. f 
x ( 2-y^-8-dfy y y^-h) (2-t7f5 

— h) 7;PS-^A. fx (2, 4-^^-8-^ 

yyyx-b) (2-7x-^7x7x-h) r;us- 
fx (2, a-v^^v-8-^j y y^-h) 

(3-7x^7x/7-h) T^S-^A. fX 

(2, 4-yy^-8-^yy (4-7x 
~)Vy x.Jv~Y) t^s-^a. fx (2, 4-i>'y 
f-^-8-*yy/7-H (3, 5-yy^;U7xy 

7-h) T^S-^A. fX (2, 4-vyf-^-8- 

^yyyx-h) (3, s-x-tert-y'f-^yxyx 

— h) r^S- 1 ?^. fx ( 2-y-f;i^-8- d fy yy 
5-M r^s-^A-^-^-^y-fx (2-y^i- 
-8-^yyy^-b) t^s^^a, fx (2, 4- 
Wf;p-8-Jf/yy5-b) t^s-^a-ju-^- 

JfV-fX (2, 4-yyf;l/-8-^f7 l J77-b) 
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T/t^-^A. t"X ( 2-^<^-;l/-4-xf-;l/-8-^f 

yyyx-H r^s-^A-Ai-^y-t'x (2- 

^^-4-x^;P-8-^y 7/1/5 -*7 

A, t"X ( 2-y^;l/-4-y f-^-8-^y U 75 

-h) r;i^5-^A-//-^- d fy-fc"x (2-y^- 

4-^h^y-8-^yyy7-h)7/K 5 -W, t* 
X (2-^f^-5-y7/-8-^7'Jy7-h) T 
;|/5-^A-/x-^V-t"X (2-7f-;k-5-^T 

r/us-^A, fx (2-y 

f-^- 5 - h V 8 y y y 7 - h ) 

T/PS-^A-^-^y-t'X (2-y^-5-h 
U7;^ny-f;P-8-^y VJy-h) T/I/S-^A 

[0064] n^mjmm 5 g&frhnn^m. 

mn . *mmiz{% s a i # /a 
A«s«ti*^r-ri»^^ (M^«; ^a^aM* cm 

Uf. YVX Sy-h) T^S-^A. t* 

x(io-<yy"(h) ^yyy^-M ^yy*A. 5 
-tFn^yy^^y^'J'JWl 5-tHn^fy 

[Mm. 1, 3-t'xC5' - (p-tert-y>;i/y 

x-AO -1,3, 4-^tf^Ty"-;I^-2' -A 

}U}<yny] . hury-;H^#: CM^«\ 3- 

(4' -tert-7"f-/i/7x-;]/) -4-7i-;l/— 5 

- (4" -t'7x-;w -1,2, 4-hury"- 
3Wk ^7W^iift, y'7x-;W/yilf, 

ft^ft £■ wffl-r s «^ a ASBMJi* t * 

ftS*^^s>fb^ifjjA^SiJ-^(± % #£L<t±. 0. 
l~4 0**%gg£MSJtS. *%af!t:^v^i±. * 

^ ( a ) — -ftR ( c ) £f#ffl t 

[ 0 0 6 5 ] mm 6 1 LTJi. ibKWft*Mic<7)/h$v^ 

ffl-f sit^ff* mmiz&m-t&mmmt ix 

ii. Ms. If. y^A. U^^A-^y^A^. -f 
hU^A. ^by^A-y^y^A-^ ^y^A. -7 

y*^A. ^y^^^A-ig^. vy^^^A-^ 

y^A^, 4V\z*7J*. )]rr—*7J± s f-y-r>A, 

vy#y, -fyhy^A, r/i'S-^A, t/p-5-^a 



t><?)wmmit. mm, mmrn. wv?vy?m. 
j^yimmm. jj-yyu-r-jyym. y^xy- 
^*yb"-i,af«:ii m^ixmmmconz 

u\ mmcomfrii. mmi-imtmm^m^zhx^ 

t\ Hft£* 5-1 0 0 0nmSI, iy#?;£L<(2. 
10-50 0 nmigJgKfaSgTS. ft. *««^3t* 

'j?%<ki> -uonmfiK mm* v ^ t^g^x-* set 

1< . HKC fBK3K^SjS^7 0%^±i:^ 
Lid tdffioffiek JJ^H&g-f & ^ ^' J: 0 * L 

[0066]*/-^ *^^SH^3t^^V^T 

(j, ^co^<hi-i^c -aiiK«yxy^- 

^^^Tv^tiv^. -SHI§Sgyxy^-fcL 
tii. #(cH5g-ri,^<7)Tli^<. ;^yvy. 
- -y y-;H§#;. x'y x y ^yy'y 7 y%t"t>mf 

y . I y » i L < li . IE?L?±AH}IlT-$) !» . 
^|J^{S\ OTiAtiijMil^-fiiiSSyxy^^- 
£ 3 ^ S lETL^AHiiJl^^- $ * 

Tti<. m&mmmtim-t&E mm. mi 

■frfti^. -l«I?xyft-«Miat 

&£tkm<D0. 0 l~5 0Si%. MtKH. 0. 0 
5-3 0fii%. iyi?it<i±. 0. l-2 0fifi% 

[0067] IE7li±A$IMJi. tt&xwm 

cDftMumizmtrit. m^m-thh^Ti±^<. m 
m. nmmmm. A^ymmm. mmm^m mi 

}f, yt°yrj-b&. *^*bm. 77*3-bS, 
n-^n-hg. 7y/Sa7-7W 

^y^yx'yha^') t«t osis^BS-rs 
i t ^ j y 5 ; t #-c# 5 . «t y . 

tiOTfi&V^ 1 0" 5 Torr|SEmT«SSTTy 5 0 
-6 0 N?BJK (^MSJK ) .-5 0- 

3 0 0°C^Mt7)*MaJST'\ 0. 0 0 5-5 0nm/se 

n%Tx\ mmixjfMi-&zkiz£K>. mmmz 
-mimtz^Mm&^m^mm-th z t vxz h . 
mmmmzxt), jEji&xmmm. mm. m^x 
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[0068] mmm^mzx y . mmm-th^. 
mi. mmmm. ttt±#w&itxmmt-ti>. ie 
o &u yy~wmb vx\t. mm. *°y -n- t"~ 

;t/#;l/Ay"-/y *°yryy-K *°'Jxfi/y, *°y 
rK^f/M^^'Jlz-N. iif'Jx-f/K jKUtf-tf 

*-K jkuts k skim 5 ^yr$ m 5 
*°y^°7^yyy. jjfLfxf-i^ ^yxf-kyx-f- 

SPPftc, ^y^7xyfcj:V"-e(0p»#:, *°>J7x~ 

yy t'xyyfcit/^f^f^ *°y 7Wi/^iy' 
^ol§a»#:. * y fr: 1/ y t*- y y£ i Z/Zcomwifc 

m^m^^mmf^ti^ >uyy~wu±. m 

[00 69] JSSagffiScfc: ± o , #SJMtS^, 

^-fy. *?*y\ 
T^?y, Wi/xy. ^fyi/y, x^/l^y-try. i 
f-;i/^7^^y^o^bJ<3l^ffi. mm. T^h 
y. *^)vx.^)i>ryy. ^fMV^Wh^, y 
^n^^yy^irhy^M. 0»Jtff. y7nn^ 
^y, ^on^A, f-hy^au^^y. y'^nnx 
^y, hy^nnx^y. f f7?nox^y, ?nn 
^y-fc?y s j/^nn^yt'y, N/yxy|gc7y\n 
yyfl^bfc*&$S8L flRfef. SSfex^. I«7"f- 

)v. mmr^im^xr-^mm. mm. 

iv. x^ j~jv. ru^j-)v. j-jv. ^y?/ 

y;t/7'\ if/Hrny/^. xf-yy^y □-;i/^T 

Kny^y. y^-^-9-y. t-v-a^x-t/mms 

fflilf. N, N-^f-z^/^rSK. N, N- 
y^f-;t/T-fehT5 K 1 -yf-;P— 2-t°n>J Ky, 

i, 3-yy^-2--f s^'vyyvy, yy^-zi/x 
)V7***h mcommm) axx/ytmt^izm 
m. t^tjm^xmmbL. smommatzx 
>o. mmz&tftt&zb&x'$z>. 
[ o o 7 o ] w&ttWkb ixa. wzmsgti 

icDtNi&V^ Mm. -tf-yb'S/K ^ 

^fyx-*-, Th^?-. *^y'-M 

fer&ZttfXt. -mzte. 0. l~5 0fiM%g 



JS, iit L<li. 1-3 OSS%g£tf)|§i8«8tt& 

s. ft. yy-mmzmm-tm^. zco&mmz 
mixa. mzvm-t6i>coTi±^w. # 

•S-Kti. ZfUfrnfflilzttlX) . 5-9 9. 9MM% 
S^#tL<(4. 1 0-99fifi%flJg, XmtL 

<li. 15-90 SM%^St;lftg-ri> . 
[0071] jEii&Ammm. mm. m?&*Mmm 
commzmixiz. qmzm&t&hcoxnz^tf. hr 

!,Z. 5 nm— SjumgSt^f Siiii^jifi LC\ 

s-. ^77^, »ltA"77'/y yy^y^t 
- *'y?is& z<v*mm&wzmK ixumti ; t # 

^^Mfl (M^«i\ 7 7«ffli, x^HSli. y 
yr?-yffj§| s x^yyyr?-ytfii. ^y^^y 
y, *°yxxx;K dfj^-^-h. ^yrsH\ *° 

y-f 5 h\ 4fJ7S F-f 5 b\ ^'jA^yl/y *°y 

xfi/> % ^^ix^ytW H) . HSWS (M 

iH\ y^^ymm. 7W7rXy'J*, 

nm?x. itmwitm. ±mmim. ±mmim. 
&mim) . zuzim&mmmzzmf&zt 

xfc-?xi>£<. ttz^mmm.Tfoixhx^, 
ioo7 2] tfz. mmzimmb ix. mm. itm 
mm (mm. is^t^sx^ak) . 
mm&zb^x%h» ttz. mm. 
mm. ti'jy^t, mjy?y. ^mmr^ym 
mfa. 7?visT-yfflmb (mm. my^^yr- 
y) . *-#yfrt>mmm (#m) zmmzt 
t-c#*. z^z. mm. mm. ygm-zzo^mt: . 
mm. w. ry^-T/mn&m. hMir^x 
~?xw%Lxmm-fi 

[0073] ^.wm^mm^mm^. -mz. m 
mmm&m-t Lxmmzti&tK jvixmmmttz 
n^mmmm^b lx <r t vx-* i . 
m. mmmz. -mz. 2^3ovmmxfo&, 
mmmm^mmi- 1±. mm. n^vmrn. #s 

[0074] 

mmm] wf. mmmizx^wMz t>mmizm 
mmmi 

f22 00nm«ITOlB|Si(K) *3tth*f*7 
XMMZ. 4"tt^J. T-fehy. x^y-;l/Srfflv^® 



(36) 



1-24 29 9 5 



M£L£fjL mmm*3Xl 0- 6 Torrk:MJEL/^ t 
■f. I TOj§HJ1tlI_B^ 4, 4' -K'X(N-7x- 
;P-N- (3" ~/f^7x-^) 757] f'7x-;l/ 
* . MMM& O . 2 n m/sec T"7 5 n mCOJ?$ fcH* 

(2-/f^-8-^y'jy7-h) (4-7x-;U7 
x 7 7 - h ) T)V 5 -^7 A i; M^it^m^A - 1 <7Mfc; 

m%m.mmfrt>. mmmmo. 2nm/ se c 

■C5 0 nmCOmZlZgmm (SJUtl 0 0:0. 5 ) 
U fBE/f* Lfc. MJX ( 8-^7 V Jy~ 

Y) r^S-^Afc, «#51«0. 2 n m/sec T5 0 

<0±fc, ^T^A ag*IS0. 2nm/se 

c T2 0 0 nm«ip$^4tm# (Sifcfc 1 0 : 1 ) LT 

MLtztZb. 55mA/cm2 c?)maS#S£*lfc . MB. 
2 4 7 0 c d/m2 
[00 7 5] ^J4M2~1 6 

mmm nz&^x, wmmmzmLx, imfc&fa 

coitsm (mmm3) . ^mt^m^A-scoit^m 
(m&m4 ) . m^it^m^A- 1 ocoit^m (mm 

M5 ) . M^itsm^A- 1 6^-fl^ft dgfapy 

6 ) . w^-f^%##A - 2 o<7Xb&& immmi ) . 



^A-2 7<Dit^ {WM\ 0 ) . Mijkit^mW^A 

-3 2<n fog® mmmi 1 ) , m^^w^-b- 1 

tfXfc^Bi (HMMl 2 ) . M*-f^ft#^B-4«^ 

ft (nsftpj i3). ws^wf^c- 1 <7)it^m m 
mm 14), M^fL^-ws^c - 7 cMi^-ft ( ^jtM i 

5 ) . M^^Wf^C- 1 (HJSflJl 6 ) 

igfflLfcwit mmmnzmmcDumzx ^mm 

Ts 1 2V<7oit^€E*EPJDL^h;^, 
1 ) fc^Lfc. 

:oo76] ttmmi 

mmm nz&^x. mM<m^m t t . m^t^m 

#^A- 1 ^k^Sj*ffiffliH*t, t"X ( 2 -^f-A'- 
S-^f/yy^-h) (4-7x-^7x/7-b)7 
/^-r7i^i«-£ffl^T, SOnm^ClfL^ & 

^Jit tfzwm. mmm 1 tie«<^*afc i 
tf&ftSB^fEBU:. -os^. «as#H^T, 1 

2 Vc9iffiE«E£ EpjD t t <! h . ffi«»«? 

tut. zt>nz*<wmzw<>. mmmim (mi ) t 

[0077] ifc«M2 

2-y h*isT? U KVfctefflLfcUWi. Hifeffll 

mmco^mzx^mm^ytm^imifz. 
riz, mmm%T. 1 2 v^sese* manure 

SMll (^1 ) (CtkL^» 
[0078] 
[*1] 
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(c d/m 2 ) 


(mA/ cm 2 ) 


mm 2 


24 6 0 


5 5 




243 0 


5 2 


m«4 


2 5 2 0 


5 5 




2 4 6 0 


5 6 




2 54 0 


5 2 


mam 7 


2 54 0 


5 3 




2 3 2 0 


5 2 


torn 9 


2 4 8 0 


54 


mnm i o 


2 5 2 0 


5 2 


Srtfrtfil 1 1 

^CtflHT'lJ J- -I- 


2 5 3 0 


5 3 


mmm 1 2 


2 4 6 0 


5 5 


mm 1 3 


247 0 


5 2 


Hjg^ij 1 4 


2 5 10 


5 4 


£KM 1 5 


2 4 5 0 


5 3 


HMtfl 1 6 


2 5 0 0 


5 6 


smmi 


117 0 


8 2 


mm 2 


15 5 0 


7 4 



[0 0 7 9] SIMM 1 7 

J? $ 2 0 0 nmtf) I TOWmfc (ISffi) £^£#5 
4«£'L x*/-;U£fflWCj8 

KHjgLfcSL It»*3xi 0- 6 Torr£MJ±L/i„ t 
-f, I TO}§HJfl:S±^. 4, 4' -t'X(N-7x^ 
;P-N - (3" -^f^7x-;H 75 7] h*7x-/P 
& , 3&gf3t£ 0 . 2 n m/sec T"7 5 n m<7>m%lzW&£ 

u jEfimzmmjatLti. <^-c\ -e^±t. fx 

(2-*^-8-*/U/7-H (2-7x-;U7 

x y ? - h ) 5 a h m^^s^-a - 2 coft 
n^si^tis*^ mmmmo. 2nm/ se c 

T-5 0 nm^JI$^4i^# (Sfijrbl 0 0:1. 0 ) 

u memtLti. mz, hux (8-*yvj?- 

M T/WS-^J. H^SLKO. 2nm/sec T5 0 

<D±^. V/*^i7Afc|g£. K*j£g0. 2nm/se 
c T2 0 0 nmCOmZlZ^WM (JfcUtl 0 : 1 ) LT 

tialiZbZZ. 5 8mA/cm2 (OlSimfe. jftg 
2 4 7 0 c d/m 2 fO*fe^^«gS^o 
[0 0 80] SSSftffll 8 
J¥§ 2 0 0 nmCO I TOSHfltffi (Hffi) 



cfttM. r-fehy. x^y-yi^fflwcg 
^ k u v/*yyim Ltzm. mm^m^mu^vf- 

m^Uzm. If»^3x 1 0-6Torrfc«ffitfe. & 

f\ iTOifHJMS;:. 4, 4' -fx cn-7x-/p 

— N— (3" -^f;l/7x-/t/) h'7x-^ 
£ . 0 . 2 n m/sec T 7 5 n m<7)J?3 

a-4m^, m%&mmtfrt>. mmmmo. 2 

n m/sec f'5 Onm«I$tMf (fiiltl 0 0 : 
2. 0) U SBfcJIfcLfc. hUX (8-3VU 

T^S-^fc. 3I#j£K0. 2nm/sec 

£>^o±^ v/^i/^A^ig^. mmm&o. 2n 

m/sec T-2 0 0 nmCDJ¥$^4±I|3S (S*Jtl 0 : 
1 ) LT&ffifcU tllWIf^MU,:. P^L 

UcMI^?&3efPBH^ ^#HMT. 1 2VCDWML 
mJ±ZW1mlfztc\?>. 5 7mA/cm2 ^m«KWl 
fc.iS248 0cd/m2 ^*fe?»«;g$;fl 

[008 1 ] HJSMl 9 

J¥$ 2 0 0 nmCO I TOjfHJf©! (Hffi) £^£#7 

xmu*. ^ft^IO. r-tby. x^y-;^Mutg 



(38) 



mm^l 1-24 29 9 5 



1\ I TOgfliJiC. 4, 4' -t'X [N-7i- 
/I/-N- (3" -^fyP7i-/H 7*5 7 3 fc'7i^ 
£ . SMSO . 2 nm/sec T'7 5 nmtf>J?£fc^ 
L. IfLaLMftiMJli: Lfc. t"7 
(2, 4-/7^-8-^7 uy?-M r^S-^ 

i,- / u-^y-h"X (2, 4-/7-^-8-^7 U 
7 7 - N ) T)V 5 A W^t^#-f-A - 7 CD-fb^r 
H&SIS***^ IMKO. 2 nm/sec T 
5 0nmOJf§^^* (SfiJtl 0 0 : 4. 0)U 

f&^fcSfcLfc. ixt:, hvx (8-^yyy^-h) r 

^S^ASr. ^It&KO. 2 nm/sec T'5 0 nm<7) 

fc. V7'*y7i*fcfg£. IgJtaSO. 2 nm/sec T 
2 0 0 nm«J|$|:^r ( KJttt 1 0:1) LTIgffi 
it. ^«#&31SS7£fl48L*:. ft. Ipirfi. 3g# 

ffi««E««j^« ofc^tiiL/;. imLtz^mmn 
mm^iz, mmmMTF. 1 2v«fi?imj±£EPJDL 

£ i ^ </ 6 0 mA/ c m 2 <7>Wfc&%Ltlfc .112 5 
2 0c d/m 2 C7)#fe^3t^f2$#l^% 
[0 0 82] HMM2 0 

2 0 0 nmco I TOJfBJMffi (Hffi) Z&thUfJ 
7ffig£. *'BM. nhx x?7-;k£fflwtjg 
^fe&frLfc. *^^£g*#*£fflvvc$fej&L. $ 
^t:u v/?ry"yift# UdJL I»§§»<7«*/^- 

MSL/SflL IffiJ3Xl 0-6TarrK«LEL?t. t 
-f. ITOWfm&klZ^ 4, 4' , 4" -bUXCN 
- (3" ' -^f/l/7x-^) -N-7x^7$/) 
1-U7x-/1/T$y2:. ^*3lJf 0. 1 nm/sec X3 
OnmcoH^IPrL. ®-jE7LaAU^Si:Lfc. & 
W?\ Z<7)±bZ* 4, 4' -t"X [N-7x-;k-N- 
(3" -^f^7x^) T57 3 t'7x-M, 3§# 
3LS0. 2nm/sec T4 5nmOJ?£fcg££U 
IE?L&Aifti!SJIi: Lfc. -f^Jifc. HJ7 (8 

-3Vj75— M T/l^S-^Afc^-ffc-^f^-B- 
2^t^!f^. S5r^P,»S*^. ^*il«0. 2nm 
/sec T5 OnmC^m^ liZ^mM (MMtl 0 0:1. 
0) L. f&KJffcLfc. £M=^±t. hUX (8- 
^yVJy-h) T^S^Af . ^*3£K0. 2nm 
/sec T' 5 0 n m <7)J¥§ t|g£f L . %r?WJfti£M b L 

0 . 2 n m/sec t200n mtf)J?3 t£iS3f ( Sftjrb 

10:1) txmmti. Gw%$mtm?*fimi 

/s. ft. mm&. mmmcommmi^rzttmmL 
fc. ffSL^^«m^3««^t. s^mtf. 1 2 

VcOfiaEfffiffi^Epint^fci^. 5 8mA/ c m 2 <7)t 
»JS2 7 2 0 c d/m 2 

[0 0 83] ^6fiM2 1 



J¥£2 0 0 nmc/)I TOSB|li (Rlffi) §riW>#7 
7S«£. T^rhy. x?7-^£fflwej@ 

& t u v/4-y>^ ud&. m%gm.<m$ttvuy- 

fcllSLfcSL Iffi^3X 1 O^TorrfcMJELfc. * 
-f. I TOjfBJMffi±C 4, 4' -h7 [N-7x^ 
/1/-N- (3" -^f;l/7x-;l/) 7573 t'7i-/P 
2r . WMt&B. 0 . 2 n m/sec f 7 5 n m^lfS IzMM 
L, IE?L&AffiltJIi Lfc. *tf)±£. hU7 

(8-^7U7y-H TA'S-^AtflJ^ft^Bflfrf 

c-4?xti=i*&. m^mmm-h^. mmm&o. 2 

nm/sec f'5 0 nmCOSSfcftiSfc (SiJtl 0 0 : 
4. 0) U m^±Afi1iIl£*fo£?Bfrit Lfc. S 
^^±fc. V7'/->^Afci|£. HifSLKO. 2n 
m/sec T-2 0 0 nmOJ?St^* (fiifcfcl 0 : 
1) LTPiffihU ^»«*5Be^2rf3S^. ft. 

€J±^EPJtlL/ct <r^>. 5 2mA/cm 2 <50S?l^Iil 
t,«gl860c d/m 2 cO*feO||Wi!I$ix 

[0084] 2 
JP£ 2 0 0 nmO I TOifBJMffi (Sfii) S^Tf -5^7 
7S^^. ^tt'Ml x77-^^fflV^Tg 

^zuv/Ttvymftu-zm, mwm<7>m.*>w- 

mmlfzm. ^*ffl^3xi0- 5 TorrfcSEL/S o i 
f\ ITOjaKB1gffi±fc, 4, 4' -h7 [N-7x- 
A—N- (3" -^f;P7x-^) TS7 3 f'7x-;t/ 
$r . ^#}!Jg 0 . 2 n m/sec f' 7 5 n m£DJ¥§ 

sEmixmmmkttz, <x^x\ -e^±t. bu^. 

2 n m/sec T5 0nm©J|? (fi*Jt 1 0 

0:1. 0 ) U fBflf J: Lfc. ^«±fc. 

1, 3 -h'X C5' - (p-tert-7"^;l/7x-;P) - 
1,3, 4 -^-t/'TV"-^- 2 ' --f;l/3 0^> 
* . mmm&O . 2 n m/sec T- 5 0 n m<50ff $ (C3g# 
€^?±Alft}lJit Lit. §tt^±t. V/^ix 
^AtlB^. ^#31«0. 2nm/sec T"2 0 0nm^ 

(*ajti 0 •. 1 ) txmmt L. 
xmMttimL*:. ft. ^tw«j±«ffi 
* ^ ^ i intfi l/s . 1m Ltz^wm^ytm^ \z . 
sasnH^T. 1 4v^e^mj±^EPJnL^i^^. 4 

8mA/c m 2 ^m^'^/S„ *?JSl 9 2 0 c d/m 

[0 08 5] mW\13 
if § 2 0 0 nmO I TOJgBJfmffi (Hffi) 
7SS2r. ^tt^M. T-fehy. x77-;k?rfflV^T@ 
W8SSfe^Lfe. ^^*M*aS^7^ffl^T^lL. S 



(39) 



#HfW 1 1-242995 



KH£Lfc&. I*i^3Xl 0- 6 Torr^«J±Lfc o t 
f\ ITOm^MMMUZ, 4, 4' -h"X(N-7i^ 
JU-N- (3" -^Wx^) 75 7) t'7x~/k 
£ . M#3iJS 0 . 2 n m/sec T 7 5 n m<7)J?§ tlf 
U IE?L&AftiM*£ Lfc. *£>±£, fflSvffc 

A - 3 COft&fo& , IMS 0 . 2 n m/sec 

^_ht, 1, 3-t"XC5' - (p-tert-7*f7U7x 
-1,3, 4-if^ i JTV'-)V-2' -4)V~} 
<y-£y£, mmmmo . 2 nm/sec T5 0 nm^ff 
£tH*U «^&Afitj*«fcL^ 3&£*?>±fc:, 

V/* />7 A IS £ , mmmm 0 . 2 n m/sec T" 2 0 
0 nm^JISfcit^ (fiJIJtl 0:1) LTPtSh 

u ^wmmm^imuz, ^ mmn. mmm 
commmzui tzttmm ifz, ft=s Lfc^ramifss 
3te«^t=. mmmmT. lAvcomimmwmitz 

hz\h. 4 8 m A/ c m 2 ^ItSStfSEflfc . «S 1 7 8 
Ocd/m 2 «#&«f!3t:«££ft£ 0 
[0 0 86] HSfifl|2 4 
JSS 2 0 0 nm<7) I TO^tS (ISffi) £^Tf S 77' 7 
XS«£, cfJtt^M, 7^h>\ x^y-;^ffl^Tjg 

mfcUzm, lfff^3Xl 0-6Tarrfcl«£ELJt. * 
■f. I TOglfitiC, «^l:^S^A-2 5^ 
. mmrnm 0 . 2 n m/sec t5 0n m^jis t 
i*U %3fc«i:Lfc. ^-c7)±C 1, 3-t" 

X [ 5 ' - (p-tert-7"f-;I^7x-;U) -1 , 3, 4 

-^-9-^77"-^- 2' -^)<y^>£. H#}i 

SO. 2 nm/sec T5 0 nm<7)£$£ggSU 
AftliDfiLfc. £4«<7)±C V^S^Afclg 
* , 0 . 2 n m/sec T" 2 0 0 n m<7)ij $ fc4± 

|g# ( s*i:b i o:i) ixmmtL. wmtf&m 
mmuz. wm\±. mmn<mmm*&~>tz 
ammifz. imuz^mn%-%m^z, mmm 

MTs 1 7V<7)W.tiini±ZWMlfztZZ>. 5 0mA/ 
c m 2 eOWffltfffltlfc. 1 2 6 0 c d/m 2 

[0 0 87] mm\25 

2 0 0 nm<7) I TOjgBjmS (Rgffi) #7 



r-fehv, x^y-;^ffliitg 
w&ffifthtz, zcomMzmmtf^ft^xmski, § 
^fcuv/^-y/^L^f*. 3s*£SoS«^/^'- 
tKU;I, E#ffl^3xi 0-6Torr(;MSLyL% S 
f\ I TO3§0J!t;ffi±^ 4, 4' , 4" -t-Ux[N 
- (3"'-^f/l/7x^) -N-7x-;l/7S7) h 
U 7 x ~/P7 $ > 0 . 1 n m/secT- 5 0 n 

t\ 4,4' -fx [N-7x-;k-N- ( 1" -7" 7 
f^) 7S7) f '7 x —)Vt M^t-^fe#f-A - 1 «ft 
M£I>SM^ ll#}iS0. 2 nm/sec 
T\ 2 Onm«f§t^ (SUtl 0 0 : 5 ) U 

?)±£s HJX (8-^7'J77-h) Trt'S-^A 
£ , ^*31S 0 . 2 n m/sec T 5 0 n m^Jf § 
# (fisit 1 0 0 : 1 . 0 ) U S^&AftiMilt L 

0 . 2 nm/sec t'2 0 0 nmCDJ?$fc^S* (fiftfcfc 

10:1) LTPiffit ^«S^^«^^f^St 

/s. \mLtz^mm,^mm^z. mmm%T. 1 5 

V^E?I€J±^EP3DL7tti^). 6 5mA/ cm 2 
SfE3&«SEfTJt o 39K2 9 6 0 c d/m 2 cO*ft^lB^€ 
MZtifz. 

[0 088] HMflJ2 6-3 2 
MMM 2 5 Kfcvvt. M^t^#^A- 1 Wft^Sr 
fiM-fS^fcOt. ^-f^if»^A-20ft^ (H 

MM2 6) . ^^%#^-A-7^k^a (msm2 

7 ) , m^^#^-a- 1 mmm2 

8 ) . m^it^m^A- 1 (^»J2 

9 ) . «^-&%#-^A- 2 2CD{k^m (mMM3 

0 ) . wmk^m^c- 7<nte&& mmm3 1 ) . 

M^it^m^c-i OffXt&fa (HS6M3 2 ) 

1 2V(^W&mK^mwLtzbc\b. 

Sfl^o $^C^OStt^if^. IS*^®2H(H2) 

[0089] 
[^2] 



(40) 
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JS2fS 



ns. *m& 

(c d/m 1 ) (mA/cm 1 ) 



2 8 6 0 5 6 

2 9 2 0 5 4 

2 7 8 0 5 8 

2 8 5 0 5 6 

2 94 0 5 5 

2 8 7 0 5 7 

2 8 8 0 5 6 



6 

£ttMI2 7 
3gffiffl2 8 

*«#I2 9 

mmm3 o 

&KM3 1 
%KM3 2 



[0 0 9 0] HS6093 3 
i¥§ 2 0 0 nmO I TOJfBJMg £^Tf£#7 
XJSKSr. x^y-;^ffl^fj@ 

feCUV/^-v>a#Lt. lTO3i0J!mS± 

# u - n - v=.)v*i)vw-)v (s*¥%^a i 

50000). 1, 1, 4, 4-fb57x^-l, 
(Wft£D?§«fr) . ?7'J>6 C" 3 

- ( 2 • -<yy^rv'U}i) - 7 -^'xf-^rs 

A- 1 3<7)ft&fo* . *fV?:flfi*Jtl 0 0:5:3: 
2 coSte-C^rf ^3iI%y^nnx^ y jgjfc & ffl u 

Ts T -f '/7°3— J: 0 , 400nm<7)J?§^|g3£ 

^#SS^*«*^^-^@gt^S. 3Pt*i£3 
X 1 0- 6 TorrCMjEL/L% § £>fC. WtMCO^Z, 3- 
(4' -tert-7'f-;I/7xn;l^) -4-7x-;l/— 5 

- (4" -t'7s-;W -1,2, 4-hUTV'WP 

* . mmmm o . 2 n m/ se c 2 0 n m^jf s 

H r^S-^AJ, i*}£gO. 2nm/sec T3 0 



&KW3 4 
H2»3 5 
9EKW3 6 
lOt*! 3 7 



[0 0 9 3] HSS0IJ3 9 
J¥§ 2 0 0 nm« I TOifBJMffi (ffiffi) fc^Tf -Stf? 

*1£SfeM. rtby s x?y-/^ffl^T@ 



±fc. ^^i^Afc&fc, HlFStgO. 2nm/sec 
•C2 0 0nm^?[:^ (S*Jt 1 0:1) L"CH 

mm^mmmM^ tzumm itz. im ttz^wm 
#%%m=?^ mmmmr. 1 2W)i$tfiffi£E&!ni 

L^fc^ 74mA/cm2 o^^ft/^ Jflgi 
3 7 0c d/m2 CD&^CO^yt^m^tltz. 
[0 09 1] HJfiM3 4~3 8 

^»J3 3^fcV^T. flfi*fk£&##A-l 3<?>ff^J 

(n»j3 4 ) . ^^%#-^-a- 2 ecoitsm m 

MM 3 5 ) , mtt&W&^A- 2 8 (SUfcflB 6 ) <7) 
ttl^k W^k^«^-A- 3 0 (H»J3 7 ) 0>ft& 

m^it^m^-c - 1 e (nstM3 8 ) <ryk&m<n 
ft^^ffifflitwit mm\3 3\ztim^Mzx 
vm&ftmmttimLti. ^tim^m^z. & 
tmm^T. 1 2 vcom^mjE^ wMttztz^ 

m (H3) teSLfc. 
[0092] 
[^3] 

Jg3S 



t , 4t y — n — t *-/^;w -jv ( l 

5 0 0 0 0). 1 , 3 -£'X [ 5 ' - ( p -tert-7"f- 
^7x-/k)-l, 3, 4 ^TV"-;U- 2 ' - 



(c d/m ! ) (mA/cm 2 ) 



13 5 0 74 

12 8 0 7 2 

13 7 0 7 7 
13 2 0 7 4 
13 8 0 7 5 



(4 1 ) 



11-242995 



^tl-fftSMJtl 0 0:3 0: 1 CQSteT^^Tf S 

ffifcj; 300 nm^«8»M^. & 

jJVl/^-WajtLfcgL lfI^3Xl 0-6TorH;«E 

if MS 0 . 2 n m/sec T 2 0 0 n m^Jf $ (C&IM? 
(SfiJtl 0:1) LTFAffii; U #BS*?M6M3&?£ 

T\ 1 5V«a^€E^EPJDL^t<I^, 76mA/c 
m2 c^I^Wl^o tfJSl 3 6 0 c d/m* OrfF&ff) 

[0 0 94] JtKM3 

tm^&-2 9<nteem*®.m-%ivb r )^ 1, 1, 

4, 4-ff77i -;lx7"^ yiy Srffiffl LWIt 
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